This paper investigates whether some individuals are prone to behavioral biases in their 401(k) investments. Using demographic data and allocation information for over 73,000 employees, I examine two allocation biases and a participation bias. The findings suggest that higher salaried employees tend to make significantly better choices. Participants who earn $100,000 hold 12.7% less in company stock, are 3% less likely to follow the framing 1/n heuristic, and are 37.7% more likely to participate than those earning $46,000. Women make better choices in two of the three cases and I find evidence of mental accounting.
I. Introduction
There is a growing literature that suggests an individual's investment decisions are affected by behavioral biases. Researchers explain financial decisions based on behavioral theories such as excessive extrapolation, loyalty, and familiarity (Benartzi (2001) , Cohen (2004) , and Huberman (2001) ). Data from 401(k) plans provide a fertile ground for examining these behavioral biases because participants, who represent a diverse population of working individuals, are faced with the same choice environment. At the 401(k) plan level, ample evidence exists that behavioral biases can be overcome or made worse by 401(k) plan design (Benartzi (2001) , Choi, Laibson, Madrian, and Metrick (2001) ). Markedly less attention has been paid to these biases at the individual level. The outstanding questions are: does the propensity to follow behavioral biases vary across individuals and are there common characteristics that matter? Previous literature does not adequately address these questions, and this gap provides the motivation for this paper.
This paper takes a deeper look into three behavioral biases by providing new estimates of their severity at the individual level and by examining whether certain types of individuals are prone to these biases. I examine two allocation biases, following naïve diversification strategies and investing in company stock, and a participation bias, opting not to participate in the company sponsored 401(k) plan. Using a new dataset representing over 73,000 eligible participants, this is the first paper to jointly model these three biases as functions of individual characteristics and to provide the opportunity to assess the relative influence of these characteristics on these choices. This paper improves on and complements previous analyses of the two allocation biases mainly because the majority of past studies use plan level data that can lead to aggregation bias in the results and the studies do not address individual level heterogeneity in decisions.
1 This study takes advantage of individual level allocation data. These data overcome the aggregate data problems and provide the opportunity to more strongly test new behavioral theories, such as loyalty and its influence on company stock investment.
The principal finding suggests that higher salaried employees tend to make significantly better choices in all three cases. Specifically, I find participants who earn $100,000 hold 12.7% less in company stock, are 3% less likely to follow the 1/n heuristic, and are 37.7% more likely to participate than those earning the average wage of $46,000. Women also appear to make better choices in two of the three cases, viz., 401(k) participation and investment in company stock. This suggests that behavioral biases do vary across individuals and highlights that plan level analysis will suffer from an omitted variable bias. The paper also finds more direct evidence of mental accounting related to company stock holdings. Until now, this theory has only been studied at the plan level.
These findings suggest that empirical research should control for individual level heterogeneity and that more research into why salary and gender matter is needed. On a practical level, these results can help plan sponsors identify high risk individuals with a view toward improving plan design. The results may also be helpful in the current Social Security debate over personal accounts by providing demographic insights into investor behavior. Finally, these results have relevancy beyond the 401(k) literature and the broader implications are discussed in the Conclusion.
The paper begins with a consideration of the allocation topics because compared to the participation choice, there has been relatively little research devoted 1 Huberman and Jiang (2006) use individual level data in their analysis of how the number of investment funds offered affects equity investment. They analyze how many people follow the 1/n heuristic, but do not focus their discussion on the influence of individual characteristics. The study also does not investigate how the mental accounting of company stock affected the 1/n strategy. Choi, Laibson, Madrian, and Metrick's (2004) company stock allocation study uses individual level demographic data with past company stock returns. They focus their discussion on whether participants practice "feedback" investing and not on the role of individual characteristics on this decision.
to the allocation biases at the individual level. The first topic studied is the naïve diversification bias. Naïve diversification strategies can result when individuals are faced with complicated decisions that cause them to fall back on simple rules of thumb. This paper investigates one naïve strategy called the "framing 1/n heuristic." This strategy is considered irrational because investors divide their contributions evenly among the number (n) of investment options offered. They do so regardless of the menu of investment options presented and thus are influenced by the fund choices available. My paper finds that salary and employment tenure are negatively related to this practice. I address a similar heuristic that is considered rational, "the conditional 1/n heuristic," and find highly compensated individuals are 7.4% more likely to follow this rule.
Turning to the second allocation bias, company stock investment, evidence suggests that despite recent scandals individuals continue to invest heavily in company stock. In fact, Hewitt Associates LLC (2003) reports from a sample of 1.5 million 401(k) plan participants in 2003 that the average company stock balance was 41%, and the NASD recently issued a company stock warning to investors (NASD (2005) ).
This paper examines the links between individual characteristics, past company stock returns, and company stock allocations. The influence of past company stock performance and plan design on company stock holding is already well documented in the literature (Benartzi (2001) , Choi, Laibson, Madrian, and Metrick (2004) , Liang and Weisbenner (2002), and Sengmuller (2002) ). This study contributes to the literature by analyzing the additional link between individual characteristics and company stock holdings while controlling for past performance. The individual level data I use offer more demographic detail than in past research, and the returns are more precisely calculated than those used in plan level studies. I find a one standard deviation increase in short-term returns increases company stock holdings by 8% and that short-term returns matter more than long-term returns. In addition, I find that company stock allocations are greater for males, decrease with salary, and are higher for employees in noncorporate divisions.
Finally, since lack of participation stands out as one of the most obvious investment mistakes an individual can make, I include a brief study of participation choice for completeness. My findings are consistent with previous studies, and I find that the probability of participating increases with age, job tenure, and salary.
The paper is organized as follows. Section II summarizes the dataset. Section III describes the plan design and the asset allocation choices. Section IV summarizes the demographic and employment characteristics of all the participants eligible to participate in the plan. Section V and VI present the empirical results associated with naïve diversification and company stock holdings, respectively. Section VII discusses the participation level in this plan, and Section VIII presents the Conclusion.
II. Data
This paper uses a detailed database supplied by an anonymous large benefits provider. The cross-sectional data are from one large 401(k) plan with over 73,000 eligible employees.
2 The plan is sponsored by a global consumer product company and the entire sample is used to investigate the participation decision.
The study of the allocation biases is based on a smaller subsample of "active" participants. This paper defines an active participant as a plan eligible participant who made a contribution to the plan during the first two weeks of August 1998. The dataset includes each active participant's contribution allocation and for most of these individuals the actual date that this allocation was chosen. For this allocation date, company stock returns over various prior periods are calculated. A total of 28,793 participants are considered active participants.
Of these active participants, the allocation date is missing for 5,814 individuals who were enrolled in the plan prior to 1992 and did not change their contribution allocations after this date. The data are missing because the current administrator took over the plan in 1992 and was not provided information regarding the design of the plan prior to this date. Thus, it is possible that a different set of fund choices may have been available prior to 1992 or that an employer match may have been offered. Since features like these can influence choice, this group might behave differently than participants who make allocation decisions after 1992 (Benartzi (2001) , Benartzi and Thaler (2001) ).
The missing allocation decision date means that estimating company stock returns prior to the allocation decision is not possible, nor is it possible to estimate the individuals' ages and the number of years employed at the time of the allocation decision. Therefore, these individuals are eliminated from the sample leaving 22,979 active participants for the analysis. One of the most important features of the data is detailed demographic information. For each eligible participant, the individual's participation status, salary, birth date, date of employment, compensation status, and gender are available.
Finally, three additional features of these data deserve mention. First, the asset allocations of the contributions are broken down at the individual level. Aggregate contribution plan data can blur the results if high contributing participants invest differently from low contributing participants. The effect of large contribution levels is analogous to the influence of large market capitalization stocks on a value-weighted index. Furthermore, aggregation can exaggerate very weak relations at the individual level. This is called aggregation bias. Huberman and Jiang (2006) use a simulation to demonstrate how aggregation bias can amplify individual level findings in 401(k) plans. Second, these data are from one plan. While multiple plan data are appropriate for studying across-plan variation, they can create a potential for omitted variable bias related to plan design or plan educational efforts. Analyzing one plan eliminates this concern. A final advantage of the data is that allocations are based on contributions not asset balances. Asset performance can move asset allocations based on asset balances away from the participant's intended allocation. Contribution allocations do not suffer from this potential bias.
A disadvantage of this dataset is that information regarding participants' assets outside of the plan is not available. Another drawback of the dataset is that it is missing some variables that have been shown to impact asset allocation decisions such as marital status, education, and financial literacy (for example, see Agnew, Balduzzi, and Sunden (2003) , Sunden and Surette, (1998) , and Dwyer, Gilkeson and List (2002) ).
III. Plan Design and Asset Choices
In this plan, each participant may allocate his retirement fund contributions among four different investment vehicles: an equity income fund, an S&P 500 index fund, a guaranteed income contract fund (GIC), and company stock. 4 Participants have the option to change their contribution allocations daily. The company offers no financial incentive for investing in company stock nor does it offer an employer match. The absence of an employer match is an advantage because it eliminates any confounding effects caused by the match design.
IV. Demographic and Employment Characteristics of Eligible Participants
Panel A of Table 1 describes the demographic and employment characteristics of the eligible participants. These participants may or may not contribute to the plan. Age and time employed are measured as of August 1998, while salary is the 1997 annual salary. In contrast, age and time employed are measured as of the allocation decision date in the later nonparametric and regression analyses. Individuals in this data sample are predominately male (78%) with an average age of 37 years. It is noteworthy that the participants have relatively long average job tenures (eight years), which may indicate strong company loyalty. The median time employed is almost five years and is approximately one year greater than the 1996 national median of nearly four years (CPS (1997) ).
Participants in the company work in one of four divisions. A majority of the participants (99%) work in two large consumer product manufacturing divisions, Division 1 and Division 2. The Corporate Division employs 1% of the 401(k) participants and 140 employees work for the Other Division.
Participants earned mean 1997 salaries of approximately $37,700. Table 2 compares the plan's median salary by age group to the median salary of the U.S. population, and shows that participants in this plan earn more than the general population. However, the relation between salary and age is similar between the two groups. Table 1 , Panel B presents the same statistics as Panel A for the active participants subsample. The ratio of males to females and the distribution of employees in each division is the same as the whole sample. However, the mean age and 4 A GIC fund, sometimes called a stable value fund, is a common offering in 401(k) plans. The fund invests in GICs that are lending contracts between insurance companies and 401(k) plans. The 401(k) plan lends the insurance company money over a fixed period of time. The insurance company then can invest in the money in securities. In return, the insurance company pays interest to the 401(k) plan on the loan. The insurance company guarantees the contracted interest payments and assumes all market, credit, and reinvestment risk. The insurance company profits by generating profits greater than the guaranteed interest it pays out to the plan. Typically, investors interested in preserving capital and earning a steady income invest in GICs. These investments are considered low risk. time employed of the participants in the subsample are slightly higher than the total sample. The median time employed is nearly two years longer than the whole sample (6.45 years versus 4.77 years), suggesting that many new employees have not yet joined the plan. 5 Another interesting difference between the two samples is that the mean salary is close to $8,000 larger in the active sample, suggesting that individuals with higher salaries tend to participate in the plan. This is supported in Table 2 where the median salaries for each age group in the subsample are consistently higher than the total sample and the U.S. population. Table 1 , Panel B also presents statistics for the number of participants considered to be highly compensated individuals, a legal designation based on salary and company ownership. This status affects how much participants can contribute, but does not restrict their allocation decisions. 6 In this plan, approximately 8% of the sample is considered highly compensated. Table 3 describes the demographic characteristics by division for the total sample and the active subsample. The main difference between the four divisions in both samples appears to be salary distributions. Employees of the two smallest divisions make significantly higher salaries than employees in the other divisions. The Corporate Division's mean salary is approximately $97,000 for the total sample, while the Other Division's mean salary is approximately $129,000 in the total sample. These salaries compare to approximately $40,000 and $35,000 earned in Divisions 1 and 2, respectively. Employees in the two small divisions also earn significantly more in the 10th and 90th percentiles of their sample. Except for the Corporate Division, the divisions are predominately male. The groups do not differ significantly in terms of average age or time employed. Consistent with the earlier results, the active subsample salaries are higher than the salaries reported in the total sample.
V. Naïve Diversification A. General Findings
In this section, three diversification heuristics are studied. The first, the framing 1/n heuristic, is considered a naïve strategy because individuals distribute their contributions equally among the n choices available. As a result, allocation decisions are influenced by available fund choices and can be considered irrational. Benartzi and Thaler (2001) show that this strategy can lead to large ex ante welfare losses when the portfolio chosen does not correspond to an individ- 7 I also analyze the modified 1/n heuristic where individuals treat company stock as a separate asset class. In the modified version of the framing heuristic, individuals choose their company stock allocation, then divide their remaining funds among the remaining options available. The final heuristic, the conditional 1/n heuristic, refers to the practice of dividing allocations evenly among the chosen funds. The number of chosen funds may be smaller than the number of funds offered. Huberman and Jiang (2006) argue that, unlike the framing 1/n heuristic, the conditional 1/n heuristic can be rational and is consistent with k-fund separation theories.
In this study, analyses of the heuristics are complicated by the fact that company stock is an option in this plan. Huberman and Jiang (2006) choose to exclude company stock allocations in their calculations. As mentioned in the Introduction, any investment in company stock is considered inefficient in my study. Thus, an investor who follows the conditional 1/n heuristic and includes company stock in his investment choices is not making a rational decision. Therefore, I refine Huberman and Jiang's (2006) definition of the conditional 1/n heuristic to only include individuals who divide their contributions evenly (±1%) among the n funds they choose and do not invest in company stock. In contrast, an individual is considered to be following the framing 1/n heuristic if he puts 25% (±1%) of his contribution into each of the four funds. These two groups are mutually exclusive. Participants who follow the modified 1/n rule invest in all four funds and divide their non-company stock options equally.
I find a small percentage of participants in the overall plan following the framing 1/n heuristic, which is consistent with Huberman and Jiang (2006) . In fact, less than 4% follow the framing 1/n heuristic and only 5% follow the modified 1/n heuristic. On the other hand, I find nearly 8% follow the conditional 1/n rule (excluding all company stock holders and one-fund holders). I find that most participants (35%) allocate their entire contribution to only one fund and that a majority (66%) of those participants invest their entire contribution in company stock. If I broaden my definition of the conditional 1/n heuristic to include one-fund investors not invested in company stock, then the percent of my sample following this rule increases to 20%.
B. The Modified 1/n Heuristic
Using aggregate 401(k) plan data, Benartzi and Thaler (2001) find that individuals treat company stock as an asset class separate from other 401(k) investments. As a result, some participants appear to follow a modified version of the 1/n heuristic by making their company stock allocation separate from their investment in other equities. Benartzi and Thaler find that participants then split their non-company stock investment evenly among the non-company stock options, which is a form of mental accounting (Thaler (1999) ). In this paper, the behavior is referred to as the modified 1/n heuristic.
My analysis provides stronger tests of this practice. First, the tests in this paper are based on contribution allocations rather than asset balance allocations and, therefore, the influence of fund performance on allocations is not a concern. Second, the individual level data allows for the calculation of the allocation of non-company stock holdings by individual rather than by plan, permitting the examination of the distribution of company stock holdings across individuals and avoiding aggregation bias (Huberman and Jiang (2006) ).
The analysis begins with an examination of the mean and median allocations to each fund in Table 4 . The first two columns of Table 4 list the mean and median allocations to each fund and the last two columns list the modified mean and median allocations to each fund. The modified allocations are simply the percent allocated to the particular non-company stock investment vehicle divided by the total invested in non-company stock investment vehicles. The first subsample includes all participants who invest in all four funds and comprises roughly 13% of the sample. Notice that the results tend to support the modified 1/n heuristic with modified allocations close to one-third, which equates to evenly splitting non-company stock contributions among non-company stock assets. The same exercise is repeated for subsamples of investors that hold three funds including company stock. The results again tend to support Benartzi and Thaler's (2001) assertion that some individuals treat company stock as a separate asset class and as a result slightly modify how they follow the 1/n rule. Histograms provide additional detail. To illustrate, Figure 1 displays histograms using the sample of participants who invest in all four funds, and shows the frequency of company stock holdings and modified and unmodified holdings of the three non-company stock investment vehicles.
Looking at the histograms in Figure 1 , the difference between the unmodified allocation graphs (on the left) and the modified allocation graphs (on the right) is striking. The unmodified histograms for the non-company stock funds have several probable allocations. However, the modified frequencies are strongly centered at 33%, suggesting that after adjusting for company stock holdings, these individuals allocate their remaining assets evenly among the other funds in accordance with Benartzi and Thaler's (2001) assertion that some individuals treat company stock as a separate asset class and slightly modify how they follow the 1/n rule. Results for the other subsamples presented in Table 4 are similar and available from the author.
C. Econometric Analysis
The final empirical question related to naïve diversification is which type of person is most likely to follow the different heuristics? Since two strategies are considered potentially irrational and the conditional 1/n heuristic is considered potentially rational, I would not expect the same type of individual to follow each. To test this, four dummy variables are constructed: a framing 1/n heuristic dummy, a modified 1/n heuristic dummy, a conditional 1/n heuristic dummy Modified GIC excluding one-fund investors, and a conditional 1/n heuristic dummy including one-fund investors not invested in company stock. These dummies equal one if the individual follows the particular heuristic and zero if not. Table 5 displays the results of a probit analysis using the 1/n dummy variables. For each 1/n variable, two regressions are run each with a different compensation variable. The marginal effects of salary and employment tenure are significant and negative for the two framing regressions. In contrast, salary and time employed are positive for both the conditional 1/n heuristic and its broader definition. This suggests that high salary individuals and participants with longer job tenures are less likely to follow the potentially irrational framing 1/n rule, while on the other hand these same individuals are more likely to follow the potentially rational conditional 1/n rule. To highlight this finding, in the framing and modified 1/n regressions an average participant who earns $100,000 would be 3% less likely to follow the rule than an average participant earning $46,000. Similarly, a highly compensated individual is 2% less likely to follow the rule. Conversely, a highly compensated individual is 7.4% more likely to the follow the broad definition of the conditional 1/n rule. One explanation for this behavior is that the higher salaried individuals are more educated and therefore less likely to rely on simple rules for investing. Regarding job tenure, it is possible that employees' understanding of their plan's investment options increases with their time on the job. Thus, this better understanding decreases the likelihood that they will need to fall back on the 1/n rule.
TABLE 5
Marginal Effects from Probit Regression (1/n heuristic) Table 5 presents the marginal effects calculated from the results of a probit regression. The dependent variable equals one if the individual follows the specific heuristic defined in the table. Male is a dummy variable equal to one if the participant is male, zero otherwise. Salary is the annual 1997 salary (unit: $10,000). Age is the age of the participant at the time the allocation decision is made (unit: years). The marginal effect of age takes into account a nonlinear effect of age. Time Employed equals the time the participant has been employed at the time the allocation decision is made (unit: years). Compensation Status is a dummy variable that equals one if the individual by law is considered highly compensated, otherwise it equals zero. Division # and Other are dummy variables that equal one if the participant is in that division. The Corporate Division is the omitted dummy. Robust standard errors, reported in parentheses, are adjusted for heteroskedasticity. The pseudo R 2 is the log-likelihood value on a scale from zero to one, where zero corresponds to the constant only model and one corresponds to perfect prediction (a log-likelihood of zero). **,* indicate significance at the 1% and 5% levels, respectively. 
VI. Company Stock Allocations A. Cost of Holding Company Stock
I now focus on the issue of the cost of holding company stock. The wellpublicized stories of employees losing their nest eggs after Enron and WorldCom collapsed provide strong anecdotal evidence that investing in company stock is costly. But is it possible to actually quantify the costs of holding company stock for average investors? Recent studies attempt to do this and agree that the cost of holding stock is large. For example, Meulbroek (2002) calculates the cost of holding company stock as the percent of the stock market's value that is sacrificed by not being fully diversified. In the case where 10% of the pension is invested in company stock, she calculates a cost of 25% for AMEX firms.
8 In addition, Poterba (2003) quantifies what a log-utility investor would be willing to forego in the value of a portfolio that is entirely invested in the S&P 500 compared to investing in portfolios with various percentages of company stock investments. He finds that his investor would be indifferent between foregoing 57% of the S&P 500 portfolio value for a portfolio invested solely in company stock. Poterba's findings motivate the analysis that follows.
B. General Findings
Consistent with anecdotal evidence, participants in the company's 401(k) plan show a definite tendency to invest in company stock. The overall mean allocation to company stock holdings in this plan is quite high (45%) compared to the 10% legal maximum defined benefit plans may hold. The large average allocation might be partially explained by the above normal price performance of the plan's company stock. In this study, the company stock had an annualized stock price return just over 20% over the 10-year period ending on December 31, 1997 compared to a S&P 500's annual return of 14.7% over the same time period. Benartzi (2001) shows that firms with relatively high long-run returns have higher company stock allocations than poorly performing firms. I will also control for past company stock returns in the regression analysis presented later in this section.
The general patterns of company stock allocations also deserve mention. An interesting feature of the data is that despite the absence of restrictions on the participants' allocations, 75% of the allocations are clustered within one percentage point of 0%, 25%, 50%, 75%, and 100%. Furthermore, there is a clear tendency for many of the participants (48%) to invest either all or none of their contributions in company stock.
It is also interesting to examine the amount allocated to company stock in this plan in terms of total dollars rather than percents. To calculate a rough estimate of this number, several simplifying assumptions are made. First, each individual's 1998 contribution amount is assumed to be equal to the number of dollars he contributed in 1997. The 1997 contribution amount is supplied in the dataset. This probably is a conservative estimate of 1998 contributions. However, the alternative to annualizing the August 1998 contributions is problematic because determining the frequency of the contributions (weekly or biweekly) is difficult. Finally, it is assumed that the allocation percentages that the individuals chose for their August 1998 contributions were held constant throughout 1998. Given the documented inertia in 401(k) plans, this should be a reasonable assumption for most participants. By multiplying the estimated 1998 total dollar contributions by the 1998 company stock percent allocation, an estimated company stock allocation in dollars is calculated for each individual. Summing the estimated dollar allocations across individuals provides an estimate of the total dollars contributed to company stock. From this calculation, it is estimated that approximately $24.7 million was allocated to company stock. This is 39% of the estimated $63.4 million contributed to the plan in total. This percentage is very close to the 42% that Benartzi (2001) reports in his study of aggregate data from 103 401(k) plans.
C. Nonparametric Analysis
This section presents a nonparametric analysis of the data that will complement the regression analysis to follow. Table 6 reports the company stock allocations based on demographic characteristics. The non-normal distribution of the company stock holdings makes standard summary statistics, such as means and standard deviations, less meaningful descriptors of the data. Therefore, in addition to these statistics, Table 6 reports the proportion of each demographic category that invests in six different investment ranges: 0%, 1%-25%, 26%-50%, 51%-75%, 76%-99%, and 100%. A simple test of proportions within each demographic category and investment range is used to test whether a statistically significant difference exists. If demographic characteristics do not matter, then a statistically significant difference in proportions should not be found. For example, under the null hypothesis gender does not matter. Therefore, the proportion of women investing 100% of their contributions to company stock should not be statistically different than the proportion of men investing 100% of their contribution to company stock. The bold row in each category is considered the base category and is used in each test of proportions. Table 6 reports the results of the test of proportions.
The first demographic category tested is gender. Empirical evidence suggests that gender may proxy for financial education or risk tolerance. For example, research shows that when a measure of financial education is not available, gender may serve as an effective proxy for it. Dwyer, Gilkeson, and List (2002) find that women typically have less financial knowledge than men and that educational disparities can substantially explain the gender differences they find in risky mutual fund allocations.
Indeed, there is broad evidence suggesting that individuals overall lack a general understanding of the risks associated with company stock investment and that education may explain much of the variation in financial aptitude. A recent John Hancock Financial Services' survey (1999) highlights how individuals misread the risks of the market. In the survey, respondents on average think that a diversified stock fund is more risky than an investment in company stock. Similarly, Benartzi (2001) reports that 83% of respondents to a Morningstar survey believe that the overall stock market is riskier than company stock. When this sample is limited to individuals with a high school education or less, this number increases to 93%. Thus, while company stock investment may seem to be irrational, closer examination reveals it may be rational given an individual's financial knowledge. Lack of financial knowledge may also lead to misperceptions of how 401(k) information is used. For example, those lacking financial knowledge may suspect that their managers are monitoring their company stock holdings. They may fear that a low investment in company stock signals to their employers that they "lack commitment," which will, in turn, harm their job prospects. As a result, their large investment in company stock may be a rational decision based on misinformation.
example, Agnew, Balduzzi, and Sunden (2003) , Barber and Odean (2001) , and Sunden and Surette (1998) ).
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The tests of proportions support the latter. In all but two percent ranges, there is a statistically significant (albeit economically small) difference in the proportion of men investing in each investment range than women. The most significant difference between the proportion of women and men investing in company stock is at the 100% investment range. Observe that 24% of the men allocate their entire contribution to company stock compared to 22% of the women and that this difference is significant at the 1% level. Although the medians are equal, the mean allocation to company stock by men is 45% compared to 44% for women.
Interestingly, the gender differences obtained here are weaker than those Clark, Goodfellow, Schieber, and Warwick (1999) find. In their study of several 401(k) plans, men invest an average of 41% to company stock compared to 27% for women. These differences in findings could be a result of different plan designs or varied long-run company stock performance across plans.
The next two sections of Table 6 demonstrate the influence of compensation level, either salary or compensation status, on company stock investment. Compensation is considered positively related to financial knowledge and suggests the hypothesis that employees who earn relatively high salaries or are considered highly compensated should hold less company stock.
Alternatively, compensation may be a proxy for an employee's opportunities for stock-based compensation. Generally, greater opportunities exist for higher salaried employees to receive stock-based compensation than for their lower wage counterparts. This is the case in this company.
11 Research shows that highly paid executives are concerned about diversifying their company stock holdings but are often reluctant to sell their stock-based compensation. As a result they find sophisticated ways to hedge their holdings. Results from Ofek and Yermack (2000) suggest that executives diversify their company stock holdings through the use of zero cost collars and equity swaps. Additional research shows that executives with high stock ownership negate much of the impact from their stock compensation by selling previously owned shares (Bettis, Bizjak, and Lemmon (2001) ). Given the demonstrated lengths to which these senior managers go to diversify their holdings, one might expect to which they will hold smaller amounts of company stock in their 401(k) accounts.
The results support both theories. Table 6 shows a decrease from the lowest wage category to the highest wage category in the proportion of individuals allocating their entire contribution to company stock: 27% of the under $25,000 category invest their whole contribution to company stock compared to 15% of the $100,000 plus category. The reverse trend is observed in the proportion of individuals who invest nothing in company stock. Here, 22% of the under $25,000 category invest nothing in company stock compared to 42% of the over $100,000 group. This difference in proportions is significant at the 1% level, and supports results from Goodfellow and Schieber's (1997) study of 24 different plans where low wage earners are more likely than high wage earners to hold company stock. Table 6 also shows that highly compensated individuals make similar investment patterns.
Similar to gender, age may proxy for risk tolerance. Many life cycle theories predict that individuals will hold less risk in their financial portfolio as they age. Jagannathan and Kocherlakota (1996) suggest that young investors have a long stream of future income. As individuals age, this stream of future income shortens diminishing the value of their human capital. Therefore, they suggest that individuals should offset this decline in the value of their human capital by reducing the risk of their financial portfolio. Bodie, Merton, and Samuelson's (1992) model leads to a similar prediction. In their model, individuals can respond to low realized asset returns by increasing their supply of labor. However, labor flexibility generally declines with age. Therefore, similar to the previous model, older individuals are expected to hold more conservative investments in their financial portfolios. Table 6 is consistent with the stated life cycle hypotheses. Note that age is measured at the time the allocation decision is made. The 65 plus age category is not discussed because it includes only six participants. Notice that as individuals age there is a downward trend in the proportion of participants investing their entire contribution to company stock. On the extreme ends, 19% of those between ages 55-64 invest their entire contribution to company stock compared to 24% of the participants under 35 years old. The difference in proportions is significant at the 1% level. This trend is reversed and significant in the proportions investing nothing in company stock.
Time employed may also proxy for risk tolerance, as well as loyalty or familiarity. The latter two theories would predict a positive relation. The results in Table 6 show that the percentage of participants that holds 0% in company stock increases with the time employed. A less marked decline is observed in the 100% category, but the proportion of each group that is 100% invested in company stock is still relatively less than the group of employees with zero to two years of work experience. Twenty-six percent of those with less than two years of experience invest their entire contribution to company stock compared to 22% of those with greater than 26 years of experience.
These findings are not consistent with loyalty and familiarity, but they are consistent with the prediction of the Degeorge, Jenter, Moel, and Tufano (2004) model. They use job tenure as a proxy for the firm specificity of an individual's human capital. These authors argue that an individual's firm-specific human capital grows with the time he is employed by a firm. As a result, the individual's need to diversify away from company stock increases with his job tenure.
The results show that the employee's company division also explains some variation in company stock holdings. One possible explanation is that the probability of earning stock-based compensation varies with divisions. For example, a corporate division may have more employees eligible for stock-based compensation than a division mostly comprised of factory workers. Thus, the expected average allocation to company stock would be relatively lower in the corporate division compared to the other divisions. The occupation type may also provide information about the employee's education level beyond that obtained from salary information. It seems likely that a corporate division may be more heavily comprised of executives with college degrees, while a factory division may have a higher percentage of blue-collar workers with high school degrees. On the other hand, the division variables may also proxy for many other unobservables so care must be taken not to over interpret these results.
In this study, the predominant occupation does differ among divisions. A discussion with the benefits administrator indicates that the Corporate Division consists mainly of executives, while the employees of Division 1 and Division 2 tend to be factory workers. As predicted, Table 6 shows the Corporate Division has the lowest proportion of individuals investing their entire contribution in company stock and the highest proportion of individuals who invest nothing in company stock. These results support the theory that either the executives in the Corporate Division are limiting their company stock holdings to compensate for stock-based compensation or they are doing so because they have a relatively better understanding of the inherent risks of company stock investment. Another possible theory is that the factory workers are more loyal.
D. Econometric Analysis of Company Stock Holdings
The nonparametric evidence suggests that there are relations between the demographic variables and company stock holdings. This section will econometrically test for the joint effects of these factors on company stock allocations, and, in addition, it will control for the effects of past company stock performance. Table 7 presents a two-limit censored regression model that tests the effects of the individual characteristics on company stock allocations.
12 Note, however, that the prevalence of company stock allocations clustered at 0%, 25%, 50%, 75%, and 100% makes it possible that the errors from the two-limit censored regression are not normally distributed. If this is true, the usual estimators based on the log-likelihood for this regression model are inconsistent (Greene (1997) ). Therefore, as a robustness check, an ordered probit regression is also estimated using company stock allocations grouped into six categories (0%, 1%-25%, 26%-50%, 51%-75%, 76%-99%, and 100%). The ordered probit results support the findings from the two-limit censored regression model and are available from the author.
Two models are estimated, each with a different variable measuring compensation, and the results are reported in Table 7 . Model 1 uses salary and Model 2 uses an indicator variable that equals one if the individual is considered a highly compensated individual and zero if not. The results suggest that men invest 3.0% more of their contributions to company stock than women, supporting the theory that men tend to make more risky asset allocation choices. Salary is also signif- Table 7 presents the results from a two-limit censored regression of company stock allocations (in decimals) against participant characteristics. Male is a dummy variable equal to one if the participant is male, zero otherwise. Salary is the annual 1997 salary (unit: $10,000). Age is the age of the participant at the time the allocation decision is made (unit: years). Time Employed equals the time the participant has been employed at the time the allocation decision is made (unit: years). Compensation Status is a dummy variable that equals one if the individual by law is considered highly compensated, otherwise it equals zero. Division # and Other Division are dummy variables that equal one if the participant is in the division. The Corporate Division is the omitted dummy. One-Year Co. Stock Return is the one year raw buy and hold return earned prior to the allocation decision. Robust standard errors, reported in parentheses, are adjusted for heteroskedasticity. **,* indicate significance at the 1% and 5% levels, respectively. icantly related to company stock holdings. The results suggest that for every additional $10,000 in compensation company stock holdings fall by approximately 2%. In this case, salary may be a proxy for financial education or the amount of stock-based compensation. The division of employment also has a significant role in company stock holdings. In Model 1 (2), relative to the Corporate Division, participants in Division 1 invest 11% (17%) more to company stock. Similarly, participants in Division 2 invest 20% (26%) more to company stock. The results support the hypothesis that either the executives in the Corporate Division are limiting their company stock holdings to compensate for stock-based compensation or they are limiting their company stock holdings because they have a relatively better understanding of the inherent risks in company stock investment. Interestingly, age and time employed are not significantly related to company stock holdings in Model 1. Time employed has a very small negative influence on company stock holdings in Model 2. Finally, the results support Benartzi's (2001) findings that past raw buy and hold returns are positively related to company stock holdings. He finds 10-year returns have the most significant influence, whereas I find short-term returns (oneyear buy and hold returns) produce the most significant results (based on pseudo R 2 s). I test returns over different periods ranging from one to 10 years. My results are supported by Sengmuller (2002) who finds two-to three-year returns are most closely related to company stock holdings. Most likely my ability to control for inertia by more precisely calculating the buy and hold returns for each individual causes the differences in results. Sengmuller (2002) also controls for inertia in his study.
In this analysis, the sample returns range from a minimum of negative 19% to a maximum of positive 78%. The average return is 28% with a standard deviation of 20%. The results of the regression predict that a one standard deviation increase in company stock returns will increase company stock holdings by 8.0%.
13 Interestingly, these results are contrary to what an optimal individual holding stock options would do in response to strong stock performance. An optimizing individual would reduce company stock holdings because the hedge ratios on awarded options increase with stock returns.
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VII. Plan Participation
Finally, the analysis turns to plan participation. Choosing not to participate in a 401(k) plan is the most obvious error an individual can make and is well researched in the literature. The literature shows a clear link between plan level and individual level characteristics. Munnell, Sunden, and Taylor (2001/2002) provide a summary of the findings and the behavioral explanations behind the results. Therefore, this section focuses primarily on how consistent my results are with previous findings and how they compare with the other results in this paper.
In this plan, of the 73,699 eligible participants in the total sample 39% made at least one contribution during the first two weeks of August 1998. This participation rate is low compared to other studies. 15 One reason might be that the definition of active participant in this study is fairly restrictive because it limits participants to those who made a contribution during the first two weeks of August 1998. Other studies use different definitions. For example, Clark and Schieber (1998) define an active participant as a person who makes at least one contribution in a single year.
At the individual level, the previous literature shows that salary, age, and time employed are related to participation. Low wage earners may be less likely 13 These results are very close to Sengmuller's (2002) finding. He finds that after controlling for the effects of inertia, a positive one standard deviation change in one-year returns (22%) will result in an increase in company stock inflows of five percentage points by those considered "active changers." 14 I thank the referee for making this point. 15 For example, Clark and Schieber (1998) find that on average 73.5% of eligible employees participated in their 401(k) plans in their analysis of plan data from 19 firms with 700 to 10,000 employees. Similarly, Munnell, Sunden, and Taylor (2002) report a 72% mean participation rate among eligible employees using the 1998 Survey of Consumer Finances data.
to participate than high wage earners due to the greater liquidity constraints they bear, the reduced tax breaks they earn due to their lower tax brackets, and the higher replacement rates they earn from Social Security. The positive relation with age may be because people grow more interested in their retirement savings as time goes by. Finally, the positive relation between participation and time employed may be a result of individuals' vesting schedules increasing over time and their growing familiarity with the plan. For further discussion of why these characteristics might matter, see Munnell, Sunden, and Taylor (2001/2002) .
To test whether a common factor exists that relates to the efficiency of all three choices and to examine whether participants in this study's plan behave similarly to participants in other plans, a probit regression of the participant's decision is modeled. Table 8 presents the findings. The findings are consistent with previous work and, most importantly, one characteristic, salary, is related to the efficiency of all three decisions (Tables 5, 7, and 8) . In the participation regression, salary plays a large role. For example, compared to an average participant earning $46,000, an average participant earning $100,000 would be 37.7% more likely to participate. This same individual would be expected to hold 12.7% less in company stock and would be 3.0% less likely to follow the framing 1/n heuristic.
TABLE 8
Marginal Effects from a Probit Regression: 401(k) Participation Decision Table 8 presents the marginal effects calculated from the results of a probit regression. The dependent variable equals one if the participant is an active participant in the plan and zero if not. Male is a dummy variable equal to one if the participant is male, zero otherwise. Salary is the annual 1997 salary (unit: $10,000). Age is the age of the participant as of August 1998 (unit: years). The marginal effect takes into account a nonlinear effect of age. Time Employed equals the time the participant has been employed as of August 1998 (unit: years) . Division # and Other are dummy variables that equal one if the participant is in the division. The Corporate Division is the omitted dummy. Robust standard errors, reported in parentheses, are adjusted for heteroskedasticity. The pseudo R 2 is the log-likelihood value on a scale from zero to one, where zero corresponds to the constant only model and one corresponds to perfect prediction (a log-likelihood of zero). **,* indicate significance at the 1% and 5% levels, respectively. In addition, gender plays a statistically significant role in two of the biasesparticipation and company stock allocations. In both cases, women make better choices, with women being 4% more likely to participate and expected to hold 2% or 3% less in company stock than men.
VIII. Conclusion
This paper examines the influence of individual characteristics on behavioral biases in 401(k) plan allocation decisions. With over 73,000 eligible participants, the database pertains to a single plan that consists of a diverse set of individuals who are presented with similar investment choices. The investment biases studied are the naïve 1/n heuristic and its variations, investment in company stock, and the decision not to participate in the plan.
The goal of this paper is to determine whether the propensities to follow biases vary across individuals and whether a common characteristic can be found. The 401(k) literature has already documented the importance of plan design, and this paper contributes to the literature by highlighting the importance of individual characteristics.
The principal finding suggests that higher salaried employees tend to make significantly better choices in all three cases. Women also appear to make better choices in two of the three cases, viz., 401(k) participation and investment in company stock. These findings highlight the need to control for individual heterogeneity in empirical work, and they indicate some directions for future research as well. For example, although several theories are presented in this paper to explain why gender and salary matter, additional work is needed to study these theories in detail. In particular, data on individual level financial literacy would be useful to understand the salary results. On a practical level, these results can help plan sponsors identify high risk individuals with a view toward improving plan design. The results may also be helpful in the current Social Security debate over personal accounts by providing demographic insights into investor behavior.
Finally, this research has implications beyond the 401(k) literature. For example, studies suggest that the empirical failures of the C-CAPM are a result of including non-market participants in the sample studied (see Brav, Constantinides, and Geczy (2002) , Mankiw and Zeldes (1991), and Vissing-Jorgensen (2002) ). This is because the C-CAPM, just like the I-CAPM, assumes that individuals participate in the markets. The theories also assume that individuals hold well-diversified portfolios. My study suggests that low salaried market participants are less likely to hold well-diversified portfolios because they tend to concentrate their assets in one security, namely, company stock. In addition, they are more likely to follow naïve diversification strategies, which generally will not result in a well-diversified portfolio. As a result, my findings suggest that a sample of higher income market participants is more likely to meet the diversification conditions established by the underlying C-CAPM and, thus, should perform better in an empirical analysis of the model.
